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[57} - ABSTRACT

A pulsed neutron system including an accelerator tube
having a target, an 1onization section, and a replenisher
section for supplying accelerator gas. An ionization
circuit includes means for applying repetitive ionization
pulses to the ionization section. The current in the 10mni-
zation circuit is monitored in order to detect incremen-
tal current events occurring during the ionization
pulses. A count rate function is produced which is rep-
resentative of the frequency of the incremental current
events. The power supplied to the replenisher section is
controlled in response to the count rate function. The
replenisher power is increased in response to a decrease
in the count rate function and decreased 1n response to
an increase in the count rate function.

5 Claims, 2 Drawing Figures
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REGULATOR FOR A PULSED NEUTRON
SOURCE

BACKGROUND OF THE INVENTION

This invention relates to pulsed neutron logging sys-
tems and more particularly to a method and apparatus
for controlling the operation of an accelerator-type
pulsed neutron source.

Accelerator-type pulsed neutron sources are em-
ployed in many applications. A well-known application
is 1n radioactivity logging of wells penetrating subterra-
nean formation. For example, in the art of radioactive
assay well logging, an assay tool is lowered into the well
to the level of a formation to be assayed. The assay
operation is then carried out by cyclically operating a
neutron source 1n the tool in order to irradiate the for-
mation with repetitive bursts of neutrons. In one assay
procedure disclosed in U.S. Pat. No. 3,686,503 to Giv-
ens et al, the time between each neutron burst is suffi-
cient to allow the neutrons from the source to disappear
and to allow delayed fission neutrons emitted by ura-
nium within the formation to arrive at and be detected
by a neutron detector. Another procedure, disclosed in
U.S. Pat. No. 4,180,730 to Givens et al, involves the
detection of prompt fission neutrons emitted from ura-
nium in the formation. In this procedure both thermal
and epithermal neutron fluxes are detected at time inter-
vals within 50 to several hundred microseconds subse-
quent to each neutron burst. In this case, the neutron
source may be operated at a significantly higher rate,
typically on the order of one or two thousand neutron
bursts per second.

A pulsed neutron generator for systems such as those
disclosed in the above-mentioned patents to Givens et al
commonly take the form of a three-element, linear ac-
celerator tube. This tube includes a replenisher element
which 1s electrically heated to boil off deuterium gas
adsorbed by the filament. The deuterium molecules are
lonized by an ionizing section which commonly in-
cludes plates to which a positive ionization pulse is
applied. The deuterium ions are then accelerated and
bombard a target which included tritium molecules.
The bombardment of the deuterium ions on the tritium
molecules yields helium plus a supply of neutrons. One
commercially available tube which is capable of such
operation is the Kaman Nuclear Model A-801 Neutron
Generator.

In operating such a tube it is important that the power
supplied to the replenisher be correctly adjusted so that
the proper amount of accelerator gas, deuterium, as
described above, boils off the replenisher element. If the
replenisher is overheated, too much accelerator 2as
botls off. In this case, ion recombination takes place in
the tube. Also, arcing in the tube shortens the tube life
and neutron output falls off. If too little power is sup-
plied to the replenisher, there is not enough accelerator
gas available in the tube to provide a good neutron
output.

The adjustment of the power supply to the replen-
isher 1s complicated by the fact that the characteristics
of the tube change as the tube ages. That is, after the
tube has been in use, a greater amount of power must be
supplied to the replenisher to boil off the same amount
of accelerator gas. U.S. Pat. No. 3,719,827 to Charles L.
Dennis describes a system in which the power supply to
the replemisher element in a linear accelerator tube is
automatically controlled. In this system, the time dura-
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tion of the i1onization pulse is compared to a reference
pulse, and a control signal generated. The control signal
1s applied to a stepping motor. Each time the accelera-
tor tube 15 1onized, the motor is advanced in one direc-
tion or the other, depending upon the comparison of the
tomzation pulse to the reference pulse. This motor in-
crements a variable autotransformer which supplies
power to the replenisher. In this manner the replenisher
power 18 adjusted to supply the correct amount of accel-
erator gas to the tube.

U.S. Pat. No. 3,984,694 to Dennis describes another
system for adjusting the power supply to the replenisher
section of an accelerator-type neutron tube. In this sys-
tem, first and second reference pulses are generated in
response to the 1onization pulse in order to delineate a
time window within which acceptable operation of the
tube 1s achieved. When the ionization pulse falls outside
of the time window, the power supply is increased or
decreased as necessary; for example, by operating a
stepping motor to drive a variable autotransformer
applying power to the replenisher as described above.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is
provided a new and improved process and system for
controlling the operation of an accelerator-type neutron
source based upon the detection of incremental current
events which occur during ionization of the accelerator
gas. In carrying out the invention the current through
the ionization section is monitored in order to detect the
incremental current events which occur during the
ionization pulses applied to the ionization section. Based
upon the frequency of the incremental current events,
the power supplied to the replenisher is controlled in
order to increase or decrease the amount of accelerator
gas supplied by the replenisher, thereby increasing or
decreasing the accelerator gas pressure within the tube.
More specifically, the power supplied to the replenisher
Is increased in response to a decrease in the rate of
occurrence of the incremental current events and de-
creased 1n response to an increase in the rate of occur-
rence of the incremental current events.

The system of the present invention includes a circuit
means for the ionization section which includes a means
for applying repetitive ionization pulses to the ioniza-
tion section. The system further includes means for
monitoring the current in this circuit and detecting
incremental current events which occur during the
onization pulses applied to the ionization section.
Means are provided to produce a count rate function
which is representative of the rate of occurrence of the
incremental current events. The count rate function is
applied to control means which responds thereto to
increase the supply power to the replenisher in response
to a decrease in the count rate function and to decrease
the power to the replenisher in response to an increase
in the count rate function.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a schematic circuit diagram of the regulator
system of the present invention for use in the control of
the replenisher element of an accelerator tube in a
pulsed neutron system.

FIG. 2 illustrates a series of waveforms representa-
tive of the current appearing in the ionization section
circuit during ionization of the accelerator gas.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, the pulsed neutron system (n-
cludes an accelerator tube 8 having a target 10, an 1on1- 3
zation section including plates 11 and 12, and a replen-
isher 14 for supplying accelerator gas.

Deuterium gas is emitted by the replenisher 14 in
response to an applied voltage. The replenisher power
supply make take the form of any suitable vartable 10
source such as a power amplifier as indicated by refer-
ence numeral 26. Amplifier 26 may supply either a DC
or AC voltage to the replenisher element. The deute-
rium gas produced by the replenisher is ionized by an
ionization pulse applied across the plates 11 and 12. The 15
deuterium ions are accelerated toward the target 10 by
a voltage pulse applied to the target. For example, the
pulse applied to the ionization section may be a +2
kilovolt pulse and the pulse to the target 12 a —120
kilovolt pulse. Energy for the production of these 20
pulses is stored in a storage capacitor 16. This energy 1s
generated by a suitable source such as a 110-volt, 400-
cycle source which is connected to the primary winding
of a transformer 17. Rectified voltage by way of diode
18 is applied to the storage capacitor 16 which is period- 25
ically discharged by a switch which comprises a xenon-
filled triggerable spark gap 19. A time base generator 20
generates triggering pulses which fire the spark gap 19
at any suitable intervals. For example, the pulse rate
may range from a low of one or two pulses per second 30
in the case of delayed fission neutron logging to several
thousand pulses per second in the case of prompt fission
neutron logging.

Each time the spark gap 19 is triggered, the energy
stored in capacitor 16 is applied to the primary windings 35
of transformers 21 and 22. The secondary winding of
the transformer 21 produces the positive 2-kilovolt 10ni-
zation pulse which is applied to the plates 11 and 12 to
ionize the accelerator gas in the tube. These positive
ions are then accelerated toward the target 10 by the 40
— 120 kilovolt acceleration pulse applied to the target.
Since the ionization process requires a finite amount of
time whereas the acceleration is relatively instanta-
neous, the acceleration pulse is delayed with respect to
the ionization pulse. A delay line 23 provides approxi- 45
mately a 7 microsecond delay for the acceleration pulse
relative to the ionization pulse. The delay line 23 also
acts as a tuned circuit with capacitor 24. This circuit is
tuned to most efficiently transfer energy from the stor-
age capacitor 16 to the target 10 of the tube. 50

In accordance with the present invention there 1s
provided a new and improved process and apparatus for
regulating the power supply to the replenisher 14 of the
accelerator tube. As noted previously the amount of gas
emitted from the replenisher, and therefore the pressure 55
of the replenisher gas within the tube, is a function of
the power supplied to the replenisher element. If too
much power is supplied to the replenisher, an overabun-
dance of deuterium gas is boiled off resulting in an ex-
cessive accelerator gas pressure within the tube with the 60
attendant disadvantages noted previously. On the other
hand, if the power supplied to the replenisher element is
too low the accelerator gas pressure within the tube 1s
likewise too low for optimum neutron output from the
tube. 65

The accelerator gas pressure within the neutron tube
is related to an incremental current event which occurs
during ionization of the accelerator gas. As the acceler-

4

ator gas pressure increases above the desired level for
optimum operation of the neutron tube, the frequency
of these incremental current events also Increases.
When the accelerator gas pressure within the tube de-
clines, the frequency of the incremental current events
similarly declines.

The relationship between these incremental current
events and the reservoir pressure may be illustrated by
reference to a deuterium tritium neutron source of the
general type described previously. More specificaily,
when pulsing the ionization section of the tube with a
2000 volt 20 microsecond pulse, the resulting current in
the ionization section exhibits an event occurring about
5 microseconds after the inception of the ionization
pulse when the gas pressure is at or near the optimum
for maximum neutron cutput. This event or incremental
pulse is about 3 microseconds in width and exhibits a
current amplitude of about twice that of the overall
ionization pulse. This incremental event does not occur
for each ionization pulse tf the accelerator gas pressure
in the tube is low and occurs more than once when the
gas pressure 1s above the optimum.

Turning now to FIG. 2, the ionization pulses for the
“optimum” pressure, low pressure, and high pressure
conditions described previously are illustrated by the
waveforms a, b and ¢. The ionization pulses illustrated
are idealized representing an average of a repetitive
number of ionization pulses for each of these pressure
conditions. As illustrated by waveform a, the ionization
pulse has a duration of about 20 microseconds and ex-
hibits an incremental current pulse a’ which occurs
about 5 microseconds after the start of the iomzation
pulse. Typically, the overall ionization pulse may ex-
hibit a current amplitude of about 0.5 to 1 ampere and
the current event a’ similarly has an incremental ampli-
tude of 0.5 to 1 ampere above the remainder of the
pulse. For the low pressure condition, illustrated by
waveform b, the ionization pulse will be relatively con-
stant throughout, i.e. the incremental current pulse
found in waveform a is absent in the case of waveform
b. In the case of the high pressure condition, tllustrated
by waveform c, two or more incremental current events
are present, superimposed on the ionization pulse. For
example, as shown by waveform c, two incremental
current events, ¢’ and ¢’ are present, again having an
incremental amplitude about the same as the amplitude
of the ionization pulse ¢.

In the present invention, the current through the
ionization current is monitored in order to detect the
incremental current events occurring during jonization
of the accelerator gas. Based upon the frequency of
these incremental current events, the power supplied to
the replenisher element is decreased or increased as
necessary to maintain the desired accelerator gas pres-
sure within the tube. More specifically and referring
again to FIG. 1, the current in the circuit for the ioniza-
tion section is monitored by means of a pulse height
discriminator 27. The pulse height discriminator is set to
reject current amplitudes below a level between the
amplitude of the ionization pulse and the amplitude of
the incremental current event, as indicated for example
by the broken line d shown in F1G. 2. Thus, 1n response
to a current in the ionization circuit above the discrimi-
nation level, the pulse height discrimmator produces a
pulse which increments a digital counter 28. The output
from digital counter 28 is applied to a latch register 30
which together with the counter is under the control ot
the time base generator 20.
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In the preferred embodiment of the invention illus-
trated, the output from the time base generator 1s ap-
plied through a divider so that the digital value stored in

the latch register represents an average value obtained

over a plurality of cycles of operation, preferably
within the range of 10 to 100 tonization bursts. For
example, the output of time base generaior 20 may be
applied through a decade divider 32 to counter 28 and
latch register 30. Thus, for each 10 trigger pulses from
the time base generator, a pulse is generated by the
decade divider 32 and applied to latch register 30 to
hold the value recorded by digital counter 28. 'The puilse
from divider 32 is also applied through a suitable time
delay line 33 to reset digital counter 28 to zero. For
example, delay line 33 may produce a 10 microsecond
delay in order to ensure that the output from the
counter 28 i1s fixed in latch register 30 before resetfting of
the counter.

The output from latch register 30 is applied to a digi-
tal-to-analog converter 34 which produces an analog
voltage proportional to the digital value fixed in register
30. This voltage is maintained until the next succeeding
output from decade divider 32 and is applied to the
negative terminal of an operational amplifier 36. A suit-
able reference voltage is applied through a potentiome-
ter 38 to the positive input of the operational amplifier
to provide a reference value about which replenisher
power is increased or decreased. Thus, in accordance
with the preferred embodiment of the invention the
reference voltage applied to the operational amplifier is
equal to the output from the digital to analog converter
34 where one incremental current event is detected for
each ionization pulse, i.e. in the embodiment illustrated,
the value in latch register 30 would be 10. As the fre-
quency of incremental current events increases about
one per ionization pulse, the analog output from con-
verter 34 is increased thus reducing the output signal
from operational amplifier 36. This is applied to power
amplifier 26, decreasing the voltage applied to replen-
isher element 14. Similarly, should the frequency of
incremental current events fall below one for each 10ni-
zation pulse the output from converter 34 is decreased
and the signal from the operational amplifier 36 1s in-
creased to provide an increased voltage from the power
amplifier to the replenisher element.

While the circuitry illustrated in FIG. 2 is preferred
- in carrying out the present invention, it will be recog-
nized that other suitable means may be employed in
order to arrive at a count rate function which is repre-
sentative of the frequency of the incremental current
events. For example, the output from the pulse height
discriminator 27 may be applied to a pulse shaper (not
shown) which produces constant amplitude, constant
duration pulses. In this case the counter 28, register 30
and converter 34 could be replaced with an RC averag-
ing circuit having a time constant such that the constant
amplitude, constant duration pulses from the pulse
height discriminator produce a voltage signal represen-
tative of the frequency of incremental current events
over a desired number of cycles of operation. For exam-
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ple, by analogy to the digital circuitry shown, the out-
put from the RC averaging circuit would be equal to the
reference voltage applied to the operational amplifier
when ten incremental current events occur over ten
cycles of operation.

I claim:

1. In a pulsed neutron system including an accelerator
tube having a target, an ionization section, and a replen-
isher for supplying accelerator gas which is ionized by
repetitive pulses applied to said ionization section, a
method of adjusting the power supplied to the replen-
isher to control the pressure of the accelerator gas
within said tube, comprising the steps of:

(a) monitoring the current through said ionization
section and detecting current events occurring
during said ionization pulses,

(b) increasing the power supplied to said replenisher
in response to a decrease in the frequency of said
incremental current events to increase the amount
of accelerator gas supplied by the replenisher
thereby increasing said accelerator gas pressure,
and

(c) decreasing the power supplied to said replenisher
in response to an increase in the frequency of said
current events to decrease the amount of accelera-
tor gas supplied by said replenisher thereby de-
creasing said accelerator gas pressure.

2. The method of claim 1 wherein the power of said
replenisher is increased in response to an occurrence of
less than one incremental current event per ionization
pulse and decreased in response to an occurrence of
more than one incremental current event per ionization
pulse.

3. A pulsed neutron system comprising an accelerator
tube having a target, an ionization section, and a replen-
isher for supplying accelerator gas comprising the com-
bination of:

(a) a circuit for said ionization section including
means for applying repetitive tonization pulses to
said ionization section,

(b) means for monitoring the current in said circuit
and detecting incremental current events occurring
during said ionization pulses,

(c) means for producing a count rate function repre-
sentative of the frequency of said incremental cur-
rent events, and

(d) means responsive to said count rate function for
increasing the power supplied to said replenisher in
response to a decrease in said count rate function
and for decreasing the power to said replenisher in
response to an increase in said count rate function.

4. The system of claim 3 wherein satd count rate
means produces a count rate function representative of
the average frequency of incremental current events
over a plurality of ionization pulses.

5. The system of claim 4 wherein said count rate
function is representative of the average frequency of
incremental current events over a number of 10nization

pulses within the range of 10-100.
* * . SR "



	Front Page
	Drawings
	Specification
	Claims

